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Abstract
A model for the creep of tantalum at elevated temperature has been presented in which the increase in strain
rate with strain is related to the reduction of .the cross-sectional area accompanying strain. Comparison of
experimental data with the proposed theory indicates that the dominant creep mechanism beyond the second
stage of creep starts at a point of highest temperature or at a stress concentration, spreads throughout the
volume in the immediate vicinity, and eventually results in localized "necking down."
Disciplines
Chemical Engineering | Chemistry
This report is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/ameslab_isreports/21

UNCLASSIFIED 
Chemistry-General (UC ··4) 
TID 4500, August 1, 1959 
UNITED STATES.ATOMIC ENERGY COMMISSION 
Research and Development Report 
A PROPOSED MODEL FOR HIGH 
TEMPERATURE CREEP OF TANTALUM 
by 
Robert E. Uhrig 
May 1960 
Ames Laboratory 
at 
Iowa State University of Science and Technology 
F. H. Spedding, Director 
Contract W -7405 eng-82 
UNCLASSIFIED 
2 IS-138 
This report is distributed according to the category Chemistry-General (UC-4) 
as listed in TID-4500 , August 1 , 1959. 
Legal Notice 
This report was prepared as an account of Government sponsored work. 
Neither the United States , nor the Commission, nor any person acting on 
behalf of the Commission: 
A. Makes any warranty of representation, express or implied, 
with respect to the accuracy, completeness, or usefulness of 
the information contained in this report, or that the use of 
any information, apparatus, method, or process disclosed 
in this report may not infringe privately owned rights; or 
B. Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, apparatus, 
me'thod, or process disclosed in this report. 
As used. in the above, ''person acting on behalf of the Commission" includes 
any employe·e or contractor of the Commission, or employee of such 
contractor, to the extent that such employee or contractor of the Commis -
sian, or employee of such contractor,prepares, disseminates, or provides 
access to, 'any informati onwursuant to ' his employment or contract with 
the Commission, or his employment with S\l,hh contractor. 
Printed in USA. Price $ 0. 75 Available from the 
Office of Technical Services 
U. S. Department of Commerce 
Washington 25, D. C. 
ABSTRACT ... . 
INTRODUCTION . 
IS-138 
CONTENTS 
ANALYSIS ..... . ...... . 
CONCLUSIONS .. . . . ........ .. . . 
3 
Page 
5 
~· 
7 
18 

5 
IS-138 
A PROPOSED MODEL FOR HIGH TEMPERATURE CREEP OF TANTALUM 
Robert E . Uhrig 
Abstract - -A model for the creep of tantalum at elevated 
temperature has been presented in which the increase in strain 
rate with strain is related to the reduction of .the cross-sectional 
area accompanying strain. Comparison of experimental data 
with the proposed theory indicates that the dominant creep 
mechanis m beyond t he second stage of creep starts at a point 
of highe s t temperatur e or at a , stress concentration, spreads 
throughout the volume in the immediate vicinity , and eventually 
results in localized "necking down. " 
INTRODUCTION 
Observations on creep of tantalum at 800.,.C by Murphy and Uhr i g 1 in-
dicate that the creep curve (strain vs tim~) can be separated into four 
stages: the initial stage in which strain hardening occurs and the strain 
(1) G. Mur phy and R. E . Uhrig, U. S. Atomic Energy Report IS - 26, 
Iowa State Univer sity, Ame s, Iowa. 
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rate decreases, the secondary stage in which the strain rate remains con-
. stant, the exponential stage in which strain and strain rate both increase 
exponentially, .and the final stage in which the creep r ate increases with 
time at a rate greater than in the exponential stage . Since the strain and 
strain rate both vary exponentially with -time during the exponential 
stage of creep, the strain rate is proportional to the strain. This indi-
cates that the strain rate is influenced by the amount of strain in the ma-
terial and that high temperature creep may involve progressive damage. 
One form of change which continually takes place during straining is 
the reduction of the cross-sectional area of the specimen as it elongates . 
As most creep machines are constant load rather than constant stress 
devices, the stress increases as the cross-sectional area decreases. 
For purposes of analysis the reduction of area is generally assumed to 
be uniform throughout the gage length of the specimen. However, a 
considerable amount of "necking down" ia a relative small portion of 
the specimen does occur immediately prior to failure. In examining 
several specimens for which the test was. discontinued when it became 
evident that failure was eminent, the usual necked down region was 
found. However, the diameter of the specimen along the rest of the 
specimen was relatively constant, usually 0. 004 or 0. 00~ in. less 
than the original diameter . 
7 
ANALYSIS 
Let us consider the b ehavior of a specimen undergoing a creep test. 
The specimen has been machined to a tol erance of+ 0. 001 in. in diameter 
and then polished to a fine finish . The furnace controls have been adjusted 
to give as uniform a temperature distribution as possible along the gage 
length. Generous fillets at the end of the gage length have been used to 
eliminate stress concentrations. However, somewhere along the specimen 
there is one spot which is hotter than any other spot, or there is one point 
at which the stress is greater due to the inclusion of an impurity or a 
machining scratch which causes a: stress concentration. Since the creep 
rate dd & is quite sensitive to both stress CT'"and temperature T as 
t . 
indicated in the rela~ionship gi~en by Dorn2 
dE 
---dt 
K' e Bcre ~H/RT (1) 
where K' is a structure sensitive parameter, AH is the activation energy 
for creep and R is the gas constant. If the strain takes place in the 
vicinity of the point where the stress or temperature is a maximum, 
the cross-sectional area will be· reduced locally. This causes the 
stress to increase at this point and in turn increase the localized strain 
and strain rate . In the abse~ce of some sort of strain-hardening (or 
(2) Dorn, J. E . , "Modern Chemistry for the Engineer and Scientist ,",~, 
276 (G. Ross Robertson, ed., McGraw-Hill Book Company, New 
York, New York, 1957). 
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stress-relieving) mechanism, the specimen would fail almost immediately 
at this point. If an effective strain-hardening mechanism Were present, 
the strength of the material at this point would increase, causing the 
localized straining to cease and probably start elsewhere. If a partially 
effective strain-hardening mechanism were present, it is possible that 
the strain could be confined to a local area without causing immediate 
failure, The existence of such a partially effective strain-hardening 
mechanism at the high temperature (800°C} under consideration is postu-
lated for the analysis which follows. 
Another factor which contributes to the increasing strain rate is 
the use of nominal (engineering) strain € rather than true stliain 6 
Since the original gage length is less than the actual gage length at any 
time during the test, the use of engineering strain gives strains and 
strain rates which are higher than 1 thk corresponding true strains and 
) 
strain rates. True strain £. can be shown to be 
G = ln ( 1 + E: · ) . 
The derivative of Eq. (2) gives the true strain rate 
dE. = 1 
•· dt 1 +€ dt 
which is less than nominal strain rate by a factor (1 + e ). True 
stress is defined as 
p 
a-= 1\" = 
p 
= 
-x; 
(2) 
(3) 
(4) 






the gage length o<. in which deformation occurs changed as the t es t pro-
gressed. In order t o determine the variation of CX: w ith strain, plots 
of strain vs strain rate w e r e dr awn for se v eral v a lues of a<. The con-
stant K for each ol..was calculated using as a boundary condition the 
. l 
values of strain and strain rate obtained when the exponential stage of 
creep is extrapolated back to time t = o. 
The plots of strain rate ~ strain for six values of o/. are shown in 
Figs. 3 and 4 for the two tests. Experimental data from the two tests 
are superimposed on the families of calculated curves. The inter sec-
tion o:f the experimental and calculated curves gives the fraction oL of 
15 
gage l e ngth in which strain occurs as the strain in c reases. Fig. 5 shows 
that the fraction of... increases as the strain increases. 
If it is postulated that the exponential stage of creep extends back 
to time t = o and that the first and second stages of creep are respec-
tively transient and constant in nature, then it would appear that the 
initial plastic action of the exponential creep phenomenon takes place 
in a very small volume. As the strain increases, the portion of the 
specimen in which plastic action takes place continues to increase in 
an almost linear manner as indicated in Fig. 5. This increase in the 
volume participating in creep during the exponential stage gives ere-
d e nc e to the hypothesis that the exponential stage of creep starts at a 
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point where the temperature is the highest or the stress is the greatest. 
The partially effective strain-hardening mechanism postulated in this 
theory then causes the straining to spread throughout the volume in 
the immediate v i cinity and eventually results in localized "necking down". 
CONCLUSIONS 
A model for the creep of tantalum at elevated temperatures is pre-
sented. The increase in strain rate with strain is related to the increase 
in stress caused by the reduction in cross-sectional area accompanying 
atrain. Since it is believed that creep beyond the second stage is con-
fined to a local area, it was as sumed in the model that only a small 
fracti on of the gage length actively participated in the yielding . The 
presence of a partially effective strain-hardening mechanism is also 
postulated. 
Comparison of the experimental data with the proposed theory indi-
cated that the participating fraction of the gage length increased as the 
strain increased. It is concluded that the dominant creep mechanism 
beyond the second stage of creep actually starts at a point .of highest 
temperature o r at a stress c oncentration , spreads throughout the 
v olume in the immediate vicinity, and eventually results in localized 
"necking down". 
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